The step-by-step description of nucleic acid synthesis during 45X174 infection has formed a coherent picture (14) . The infecting viral strand is converted to a double-stranded replicative form molecule (RF). This parental RF, i.e., that containing the infecting viral strand, is bound to a membrane site at which it is able to serve as template for ribonucleic acid (RNA) synthesis and to undergo semiconservative replication via the rolling circle mode. The complementary strand is elongated as synthesis of new complementary strands occurs on the double-stranded circle; a new viral strand is built on this elongated complementary strand (6, 12) . The tail, now double-stranded and containing the original complementary strand from the parental RF and a newly synthesized viral strand, is released and closed into a circle as a daughter or progeny RF. If there are additional membrane sites available, this progeny RF may utilize them and become comparable to the true parental RF in function; if there are no additional sites available, this progeny RF remains in the cytoplasm, inert with respect to semiconservative replication (15) and perhaps to RNA synthesis (10; J. W. Sedat, Ph.D. Thesis, Calif. Institute of Technology, 1970) . Later in infection, these progeny RF molecules participate in progeny viral singlestrand synthesis. 1 Present address: Department of Bacteriology, University of California, Los Angeles, Calif. 90024. 2 Present address: Department of Biological Sciences, Northwestern University, Evanston, Ill. 60201.
The activities of the infecting viral strands have been extensively documented, whereas the activities of other components of the system have been inferred from population studies. In this study we have undertaken to study specifically the role of the parental complementary strand, i.e., the initial partner of the parental viral strand. For this purpose we have constructed heterozygous RF molecules containing a mutant viral strand and a wild-type complementary strand and used these to infect spheroplasts under both permissive and nonpermissive (with respect to the specific mutation) conditions.
The expected physical fate of the parental strands according to the model described above is shown diagrammatically in Fig. 1 . The genetic fate is inferred from standard semiconservative replication. Thus, the initial replication of the RF leads to release of the parental complementary strand into an RF with genotype dictated by the complementary strand. In cells with a single replication site, this RF would remain inert in the cytoplasm until it entered into singlestrand synthesis. All subsequent RF molecules produced would have the genotype of the parental viral strand, which remains at the replicating site.
OX messenger RNA has the same sequence as the viral strand (9 (cistron E), ts4 (cistron H), ts79 (cistron G), ts9 (cistron B), and ts41D (cistron F). Grown under nonpermissive conditions, am3 phage provide inincreased burst sizes as a consequence of their failure to lyse the cells. Cistrons F, G, and H are responsible for structural components of the virus, whereas the function of the cistron B product is uncertain. There is evidence that cistrons F, G, and H may comprise an operon (R. M. Benbow et al., in preparation). Stocks were prepared in Escherichia coli C, a nonsuppressing host, at 30 C. Sucrose (10%) was added to the medium at the time of infection with the ts mutants to prevent lysis. After 2 hr, infected cells were concentrated by centrifugation and lysed on resuspension in 0.05 M borate buffer; the debris was removed by centrifugation. This procedure permitted increased titers and facilitated purification.
The phage were assayed on E. coli HF4714 (SuX), an am suppressor strain, at the permissive temperature of 30 C. All temperature-sensitive stocks were assayed for revertants by plating on SuX at 41 C. Stocks with revertant frequencies > 10-5 were discarded. E. coli C, a nonsuppressor strain, was also used as indicator.
E. coli K12W6(su-hcr+rec+)was used for routine spheroplast assays. E. coli AB 2480(su-herA recA 13 (8) . Two dilutions of each sample were always included to insure that the phage yield was linear (on a log-log plot) for the DNA concentrations used. Progeny phage were assayed at 30 and at 41 C. The ratio of the number of phage plating at 41 C (corrected for the yield from infections initiated by the self-annealed complementary strand material) to the number of phage plating at 30 C is defined as the expression of the complementary strand. Correction of the 30 C plating is appropriate, but insignificant.
When yields were to be examined under nonpermissive conditions, the DNA and spheroplasts were mixed and incubated for the initial 15 min at 41 C. Prewarmed (41 C) PAM was added; half of the mixture was incubated at 41 C, and half was shifted down to 30 C. This pretreatment did not reduce the yield of either wild-type or temperature-sensitive phage formed after shift-down. After 2 to 3 hr, the spheroplasts were lysed by 10-to 100-fold dilution into 0.05 M borate buffer.
For single-burst analysis, the DNA was diluted in 0.05 M Tris, pH 8.0, and mixed with an equal volume of spheroplasts. An appropriate amount of PAM was added, and two drops of the solution were added from a 5-ml pipette (0.1-ml portions) to each of 100 to 200 tubes. All unnecessary shear was avoided to maintain the integrity of the spheroplasts. After 2 hr of incubation at the desired temperature, the spheroplasts were lysed by the addition to each tube of 0.4 ml of 0.05 M Tris, pH 8.0. The whole sample was plated on E. coli SuX at 30 C. All progeny will plate under these conditions. After 6 hr all plaques were picked with sterile toothpicks and streaked on SuX at 41 C (plates prewarmed to 37 C) to determine temperature sensitivity and on E. coli C at 30 C to determine whether they were amber. For such analysis, it is critical to use young plaques, that is before diffusion can lead to cross-contamination of the plaques, and to have warm plates for the temperaturesensitivity analysis.
In the single-burst experiments, a Poisson distribution of infected centers in the tubes is assumed. The fraction of plates without any plaques is therefore used to calculate the average number of infected centers per sample. Only series with initial concentrations of <0.2 infected centers per portion were analyzed. The ratio ol DNA strands to spheroplasts to give appropriate concentrations of infective centers was 1/200 at 41 C and 1/6,000 at 30 C. The actual concentrations of DNA are on the order of 106 strands/ml at 41 C and 105 strands/ml at 30 C, with the actual concentration varying somewhat for different spheroplast preparations.
RESULTS
Annealing of viral and complementary strands. weight ( Fig. 3a and b) . For the random halves (Fig. 3a) , expression is significantly lower in cistrons F, G, and H than in cistron B; with the full-length linears (Fig. 3b) Most bursts under nonpermissive conditions contain the selected (+) complementary strand marker in the cistron B region. In the unselected cistron region, the marker from the complementary material, amE, is present in combination with the complementary strand cistron B region (+) in 9 of 29 cases in the progeny of RF containing random halves and in 14 of 25 cases in the progeny of RF containing linears. There is thus greater linkage between the cistron E and cistron B region when the complementary strand is of greater length. This observation is in accord with the proposal that some DNA elimination occurs in the RF molecules containing several random halves per complementary strand.
A significant portion of the bursts under all conditions is mixed. Those appearing under permissive conditions might be attributed to tubes containing more than one infected center; the number appearing under nonpermissive conditions is much too great to be so explained and may be assumed to arise from a single spheroplast. In most of these bursts the cistron marker from the complementary strand is in excess. In total, these data indicate that in those bursts where phage with the genotype of the complementary strand occur at all, they comprise all or most of the population of the burst.
DISCUSSION
The current model for DNA synthesis in 4X174-infected cells is outlined in the introduction. Such a description is consistent with the apparent failure of direct parental-to-progeny transfer and the requirement for the integrity of the parental viral strand late in wild-type infection. The role of the parental complementary strand in this model is quite subsidiary. If the parental RF is heterozygous, as described here, Adoption of such an alternative model would then require a special explanation, such as elimination of the complementary strand, for the majority of spheroplasts in which the viral strand genotype is dominant among the progeny.
It is conceivable that the first daughter RF is distinct from subsequent daughter RF and shares with the parental RF the responsibility for RF replication. The relative involvement of the two might vary, dependent upon external factors.
